Epidemiological studies have evaluated the associations of CD16 158F>V and CD32 131H>R gene polymorphisms with the risk of idiopathic thrombocytopenic purpura (ITP).
Background
Idiopathic thrombocytopenic purpura (ITP) is the most common type of thrombocytopenic purpura and is often diagnosed as a type of autoimmune disorder [1] . Due to the destruction of immune-mediated platelets, ITP is also regarded as a type of hemorrhagic disease, resulting in low platelet count in the peripheral blood [2] . ITP is often expressed as extensive hemorrhage of skin, mucous membranes, and internal organs, persistent low platelet count, short platelet survival time, and presence of anti-platelet auto-antibodies [3] . The overall adult ITP incidence is approximately 4.4 female cases per 100 000 population per year and 3.4 male cases per 100 000 population per year in the UK, having especially prominent differences by sex in persons under 65 years old [4] . ITP is also considered to be a multifactorial disease caused by interactions between genetic and non-genetic factors [5, 6] . A wide range of environmental risk factors for ITP have been identified, including viral infections, autoimmune diseases (particularly antiphospholipid syndromes), and drug inductions [7] [8] [9] . Apart from environmental risk factors, genetic factors also have been revealed to play pivotal roles in the susceptibility to ITP by numerous genes that might be associated with the development and progression of ITP [10] .
Human Fcg receptors (FcgRs) are glycoproteins that bind the Fc portion of immunoglobulin G (IgG) and are involved in preserving antibodies [11] . Human FcgRs are expressed on effector cells that have functions of autoantibody-sensitized platelets and phagocytes, as well as antibody-dependent cell-mediated cytotoxicity [12] . FcgRs play pivotal roles in the pathogenesis of autoimmune disease and they act as essential substances between the humoral and cell-mediated immune responses in order to generate inflammation [13] . Importantly, FcgRs modulated antibody production using B cells and participated in phagocytosis, antibody-dependent cellular cytotoxicity, and mediator release and are considered to be correlated with the increased risk of systemic lupus erythematosus, lupus nephritis, and ITP [14, 15] . Therefore, the blocking of the FcgRs might cause reduced platelet destruction due to autoimmune diseases, including ITP. Based on structural homology, there are 3 major classes of receptors in the human FcgRs family: Fcg RI, [16, 17] . Several studies have revealed that gene polymorphisms of FcgRs (CD32 and CD16) and amino acid differences may alter the receptor affinity to bind immunoglobulins [18, 19] . Therefore, it was hypothesized that CD32 and CD16 might also be associated with the increased risk of ITP [20] . However, other studies showed contradictory results concerning the potential association between CD32 or CD16 and the susceptibility to ITP [21, 22] . For the sake of obtaining consistent results, we performed the present meta-analysis of all available studies to determine the association between gene polymorphisms in the CD32 and CD16 genes and the susceptibility to ITP.
Material and Methods

Search strategy
Studies concerning the association between CD32 and CD16 gene polymorphisms and the susceptibility to ITP were retrieved from: Cochrane Library Database, Medline, EMBASE, CINAHL, Web of Science, PubMed, and Chinese Biomedical Database (CBM). A diverse combination of MeSH terms and keywords was used for selecting relevant studies: ("genetic polymorphism" or "SNP" or "variation" or "single nucleotide polymorphism" or "polymorphism" or "mutation" or "variant") and ("Fc gamma receptor IIA" or "FCGR3A protein, human" or "FCGR2B protein, human" or "Fc gamma receptor IIA" or "FcgammaRIIA" or "FcgammaRIIIA" or "FcgammaRIIB" or "FCGR3A" or "FCGR2B" or "FcgammaRIIB protein") and ("Purpura, Thrombocytopenic, Idiopathic" or "immune thrombocytopenic purpura" or "Werlhof's Disease" or "Werlhofs Disease" or "Autoimmune Thrombocytopenic Purpura" or "Idiopathic Thrombocytopenic Purpura" or "Immune Thrombocytopenic Purpura" or "Autoimmune Thrombocytopenia"). In addition to electronic searching, other relevant studies were manually identified using references in enrolled papers obtained from the electronic search and abstracts presented at meetings of relevant scientific societies.
Inclusion criteria
To determine the trial eligibility for the meta-analysis, 4 criteria were considered: (1) Trials should be either clinically published or nested case-control studies focusing on the association between CD32 and CD16 SNPs and the risk of ITP; (2) All included subjects must be diagnosed with ITP regarded as the case group, and other comparable healthy people at the same period were chosen as the control group; and (3) Sufficient information on CD32 and CD16 polymorphisms should be supplied by eligible studies.
Data extraction and quality score assessment
Information was systematically pooled from selected publications by 2 investigators based on the inclusion criteria described above. The following data were collected for all studies: first author, countries, ethnicity, geographical locations, languages, study design, case numbers, age, sample size, sources of the subjects, genotype detection methods, and genotype polymorphism distributions.
The qualities of selected trials were assessed by 2 independent investigators using the Newcastle-Ottawa Scale (NOS) criteria [23] . The NOS criteria use a star rating system for quality assessments: (1) subject selections: 0~4; (2) subject comparability: 0~2; and (3) clinical outcomes: 0~3. NOS scores range from 0 to 9; studies with scores of more than 7 were considered as high-quality studies.
Statistical analysis
Version 12.0 of the STATA software (Stata Corporation, College Station, TX, USA) was used to process data to achieve integrity and rigorousness of statistical analysis. Associations between gene polymorphisms and the risk of ITP were assessed by odds ratios (OR) and 95% confidence interval (95%CI). Table 2 . Meta-analysis of the relationships of CD16 158F>V and CD32 131H>R polymorphisms with the immune thrombocytopenic purpura.
W -wild allele; M -mutant allele; WW -wild homozygote; WM -heterozygote; MM -mutant homozygote; OR -odds ratio; 95%CI -95% confidence interval; AS-PCR -allele-specific PCR; PCR-RFLP -polymerase chain reaction-restriction fragment length polymorphism; MLPA -multiplex ligation-dependent probe amplification. The Z test was used to evaluate the statistical significance of pooled ORs. Heterogeneity across studies was assessed using Cochran's Q-statistic and I 2 tests [24] . A P-value <0.05 or I 2 >50% indicates heterogeneity across all studies and either a random-effects model or a fixed-effects model was applied to the studies. Subgroup analysis was performed by ethnicity and disease base. Apart from that, sensitivity analysis was used to further investigate heterogeneity, and potential publication bias was assessed with the use of funnel plots together with Egger's test [25] .
Results
Characteristics of included studies
Fifty-six articles were initially selected based on the search strategy described above, and 24 articles were excluded after reviewing their titles and abstracts. After that, another 20 articles were excluded based on systematic reviews of their contents, and another 2 articles were also excluded due to incomplete data. As a result of this, a total of 10 clinical case-control studies with 741 ITP patients and 1092 healthy controls were selected for quantitative data analysis [10, [20] [21] [22] [26] [27] [28] [29] [30] [31] . All eligible studies were published during the period from 1998 to 2013. Seven of them were carried out among Caucasians, 2 of them were carried out among Asians, and only 1 of them was carried out among Africans. The classical polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP), Envision, Allele-specific PCR (AS-PCR), direct sequencing, and multiplex ligation-dependent probe amplification (MLPA) assay methods were utilized in our meta-analysis. No studies deviated from Hardy-Weinberg equilibrium (HWE) (all P>0.05). The scores of all selected trials were more than 5 using NOS. The baseline characteristics and quality are displayed in Table 1 .
Quantitative data synthesis
The results of this meta-analysis of relationships of CD32 131H>R and CD16 158F>V genetic polymorphisms with susceptibility to ITP are shown in Table 2 . The results showed that CD16 158F>V polymorphism was significantly associated with the increased risk of ITP (P < 0.05) (Figure 1 ), whereas CD32 131H>R polymorphism was not significantly associated with the susceptibility to ITP (all P>0.05) (Figure 1) . Furthermore, subgroup analysis was performed to investigate the independent effects of ethnicity, onset age, and genotype methods on the risk of ITP. Ethnicity-stratified analysis revealed positive correlations between 158F>V SNP and the increased risk of ITP among both Caucasian and non-Caucasian groups (P<0.05), whereas no such associations were found between 131H>R polymorphism and the risk of ITP (all P>0.05) (Figure 2 Table 2) . between gene polymorphisms and the risk of ITP. Figure 4 reveals the results from sensitivity analysis, which suggested that the overall ORs were not substantially influenced by any individual study. Finally, Figure 5 shows that there was no significant evidence of asymmetry patterns in the funnel plots, and Egger's test also showed no publication bias (all P>0.05).
Sensitivity analysis and publication bias evaluation
Discussion
Our meta-analysis explored potential associations between CD32 131H>R and CD16 158F>V SNPs and the susceptibility to ITP. Our results suggest that CD16 158F>V polymorphism is closely associated with the increased risk of ITP, whereas CD32 131H>R polymorphism is not associated with the susceptibility to ITP, suggesting that the 158F>V polymorphism can be considered as a potential predictor of ITP development. A large body of evidence suggests that ITP development might be attributable to a key gene change that leads to the dysfunction 2093 of the immunologic system and even to thrombocytopenia [32] .
There is a wide range of well-known pathologies that could explain thrombocytopenia, such as B and T cell responses, cytokine equilibrium alterations, anti-platelet antibody productions, phagocytic cell activations, surface molecule transformations, and cell immunity dysfunctions with variation of the Th1/Th2 ratio [33, 34] . The underlying mechanism of thrombocytopenia remains unclear, although platelet destruction caused by phagocytic cells is one of the key mechanisms. It is well established that low-affinity receptors of CD32 and CD16 interact with multimeric or complexed IgG, such as IgG1 and IgG3, because CD32 is the only Fcg able to bind IgG2 [27] . Variant Fcg alleles are also risk factors for systemic autoimmune diseases, and the increased activation of CD32 and CD16 can trigger the processes of phagocytosis and of antibody-dependent cellular cytotoxicity and the release of inflammatory mediators [35] . In general, SNPs of Fcg receptors accompanied with the loss of inhibitory Fcg expression and altered functions may result in an unbalanced immunity and subsequently cause auto-inflammation, which might be associated with the susceptibility to ITP [21] . Specifically for CD16, the presence of valine (V) instead of phenylalanine (F) in codon 158 may alter the affinity of IgG1 and IgG3 receptors [10] . Consistent with our findings, Eyada et al. also concluded that CD16 gene polymorphisms may contribute to susceptibility to ITP, which is consistent with results obtained from the present meta-analysis, and this further suggests the crucial role of CD16 158F>V polymorphisms in ITP development [20] . On the other hand, CD32 gene polymorphisms caused by the substitution of a single nucleotide (A-G), which codes for the amino acids histidine (H) instead of arginine (R) at position 131 (131H>R), may alter the ability of its receptor to bind to IgG2 [30] . However, our study results do not suggest any associations between CD32 131H>R polymorphisms and the risk of ITP. Subgroup analysis by ethnicity suggests that CD16 158F>V polymorphisms may drive the susceptibility to ITP among both Caucasians and non-Caucasians. Nevertheless, it is essential to discuss some statistical limitations of our meta-analysis in order to improve the power of our study. Firstly, the possible confounding effects of sex, disease, and ethnicity was not controlled in selected trials, which might cause confounding effects or affect medications, and these restrict the power of our meta-analysis. Secondly, the power of our meta-analysis is limited due to the small number of studies and their small sample sizes, which in turn could affect our conclusion regarding the association between gene polymorphism (CD16 and CD 32) and the risk of ITP. Thirdly, it was not possible to determine the effects of genetic interactions and interactions between genes and the environment on the association due to the limitations of the original data; for example, our study only includes articles in English or Chinese, which might have caused selection biases. However, this is the first meta-analysis concerning the association between CD32 and CD16 SNPs with ITP. More importantly, with the use of a statistical approach to combine the results from various studies, and then quantifying and analyzing those inconsistent results in our meta-analysis, it is possible to achieve more reliable results.
